IL-4-, TGF-"-, and IL-1-Dependent Expansion of Parasite Antigen-Specific

Th9 Cells Is Associated with Clinical Pathology in Human Lymphatic
Filariasis Introduction
Th9 cells have been shown to act as mediators of inflammation in experimental disease models, such as colitis, peripheral neuritis and experimental autoimmune encephalitis [127, 128, 129] however, IL-9 has also been shown to participate in peripheral tolerance by increasing the survival and activity of regulatory T cells [130] . Therefore, it is still unclear whether IL-9 mediates proinflammatory or anti-inflammatory activity. Because filarial infection exhibits differences in clinical manifestations with both an inflammatory component (filarial disease) and a non-inflammatory component (asymptomatic infection), we postulated that this infection would provide an ideal milieu to examine the role of Th9 cells in inflammation and infection.
We first identified a population of IL-9 and IL-10 co-expressing CD4+ T cells (Th9 cells) that can be distinguished from IL-9+ Th2 cells and demonstrate their expansion in response to both cognate Ag and mitogen stimulation. We next demonstrated that this Th9 population was expanded in filarial disease (lymphedema), and their frequencies were directly related to the severity of disease. Moreover, this expansion appears to be critically dependent IL-4, TGF-", and IL-1.
Study population
We first studied a group of 15 normal (NL) individuals. We later expanded the study to include 47 individuals with filarial lymphedema (hereafter CP) and 39 clinically Our study reveals certain interesting features of IL-9-producing CD4+ T cells in humans. First, by using multiparameter flow cytometry and intracellular cytokine staining, we demonstrate the presence of a CD4+ T cell subset expressing both IL-9 and IL-10 but not IL-4, which we designated as Th9 cells because this subset resembles the Th9 cells described in mice. Second, we demonstrate that IL-9 is also produced by a different subset of CD4+ T cells ! '*! that also express IL-4 but not IL-10 and are by definition Th2 cells. Third, we demonstrate that both these CD4+ T cell subsets expand in frequency following stimulation with a common Ag and polyclonal stimulation. The relative frequencies of Th9 cells as detected in our study are rather low, but this is not different from ex vivo frequencies of these cells observed in other studies [136, 145] .
To our knowledge, this study is the first in humans to characterize this precise CD4+
helper T cell subset in helminth infections. Our finding that Th9 responses are induced in patients with filarial pathology has clear implications. IL-9 has a major role in protection against and expulsion of intestinal helminths [142, 144] , but it also participates in the pathogenic processes of allergy and asthma [48, 49] .
Moreover, Th9 cells have been shown to promote pathogenic processes and induce pathology in several autoimmune disease models in mice [48, 49] . The mechanism by which Th9 cells promote pathology is not known, although it is speculated to depend on the effect of IL-9 on promoting inflammatory responses in target cells, including epithelial cells and mast cells [132] . Our findings implicate a potential pathogenic role for Th9 cells in filarial disease. Our findings also suggest that strategies designed to block IL-9 or its downstream targets could potentially play a major role in amelioration of disease in lymphatic filariasis. In conclusion,
we report an important association of Th9 cells with pathology in filarial infections and demonstrate a role for IL-4, TGF-", and IL-1 in the regulation of this CD4+ T cell subset.
